The name Phoberus capensis (Scholtz) is applied to a small flightless, keratinophagous beetle endemic to the Cape Floristic Region of South Africa. Its gross distribution stretches from roughly 1000 km from the Cederberg (S32°24'22" E19°04'50") to Grahamstown (S33°20'07" E26°32'50"). The populations are spatially discrete, restricted to relict forests of the southern Cape and disjunct high montane refugia of the Cape Fold Mountains. We test the hypothesis that there is more than one distinct species nested within the name P. capensis. Phylogenetic relationships among populations were inferred using molecular sequence data. The results support three distinct evolutionary lineages, which were also supported by morphological 2 characters. Divergence time estimates suggest Pliocene-Pleistocene diversification. Based on these results, it is suggested that the P. capensis lineage experienced climatically-driven allopatric speciation with sheltered Afrotemperate forests and high mountain peaks serving as important refugia in response to climatic ameliorations. The P. capensis complex thus represents a speciation process in which flight-restricted populations evolved in close allopatry, possibly as recently as the Pleistocene. Two divergent and geographically distinct lineages are described as novel species: The new species, P. disjunctus sp. n. and P. herminae sp. n., are illustrated by photographs of habitus and male aedeagi.
Introduction
The Cape Floristic Region (CFR) of the southern-western Cape region of South Africa is recognised as one of the world's six Floral Kingdoms (Myers et al. 2000; Mucina & Rutherford 2006; Cowling 2009 ). The region exhibits exceptional floral diversity and high levels of biotic endemism (Linder 2003 (Linder , 2005 . It is characterised by a Mediterranean (temperate) type climate and a unique sclerophyllous, fire-prone shrubland known as Cape 'fynbos' (Linder 2003 (Linder , 2005 Galley & Linder 2006; Mucina & Rutherford 2006) . The development of the drought-resistant (pyrophytic) vegetation of the CFR is attributed to dramatic climate shifts from warm, tropical conditions to drier, more seasonal conditions during the Miocene/Pliocene (Cowling et al. 2009; Dupont et al. 2011; McDonald & Daniels 2012) . Various factors, including the development of the cold Benguela Current along the west coast of southern Africa during the late Miocene (Siesser 1980; Pickford & Senut 1999) , and tectonic uplift during the early Miocene (18 Mya) and the Pliocene (5 Mya), caused progressive aridification of the sub-continent. The combination of climate fluctuations, tectonic uplift and marine transgression and regression associated with the Pleistocene glacial cycle resulted in considerable habitat fragmentation, extinction and expansion events within the biome, thus providing an important stimulus for speciation and diversification (Partridge et al. 1999; Linder 2005; Tolley et al. 2006; Cowling et al. 2009 ). Climatically-driven speciation has been shown for a variety of taxa in the CFR (Tolley et al. 2006; Price et al. 2007 Price et al. , 2010 Swart et al. 2009; Linder et al. 2010; McDonald & Daniels 2012; Sole et al. 2013 ).
The CFR is dominated by the ancient Cape Fold Mountains (CFM) which can be divided into several mountain blocks: (1) a single western mountain range running parallel to the Atlantic Ocean coast, and (2) a double mountain range running parallel to the Indian Ocean coast (Linder 2003) . The mountain ranges are separated by arid, low-lying valleys and plains, sheltered ravines and deeply incised gorges (Cowling et al. 2009 ). The CFM consists of highly erosion-resistant sandstone and most of these mountains reach altitudes higher than 1500 m above sea level, contributing to the heterogeneity of the region. These high mountains act as barriers to maritime moisture moving inland from the Atlantic and Indian Oceans, which has a profound effect on the local climate because seaward-facing slopes are moister and inland plains in the rain shadow of these mountains are very arid (Linder 2003) .
The CFR and the CFM specifically provide suitable habitat and refugia for a number of relict flightless Scarabaeoidea (Coleoptera) (Scarabaeidae: Medina & Scholtz 2005; Sole et al. 2005; Deschodt et al. 2007 Deschodt et al. , 2011 Deschodt & Scholtz 2008; Sole & Scholtz 2013;  Lucanidae: Endrödy-Younga 1988 , Switala et al. 2014 Trogidae: Scholtz 1979 . The flightless species generally occupy the summits, forested palaeo-refugia on the seaward-4 facing slopes and the coastal plains. These cool, temperate environments may have acted as buffer zones and long-term refugia for many organisms in response to the effects of changing climate (Stuckenberg 1962; Endrödy-Younga 1978; Linder & Vlok 1991; Geldenhuys 1997; Midgley et al. 2001; Daniels et al. 2013) . (Scholtz) , P. disjunctus sp. n., P. herminae sp. n. and P nasutus (Harold). Sample locality numbers follow Table 1 .
Phoberus capensis (Scholtz) (Scarabaeoidea: Trogidae) is a small (4-7 mm) flightless, keratinophagous beetle endemic to the CFR of South Africa. Its gross distribution stretches roughly 1000 km from the Cederberg (S32°24'22" E19°04'50") to Grahamstown (S33°20'07" E26°32'50"). However, its populations are clearly spatially discrete, restricted to relict forests of the southern Cape and disjunct high montane refugia of the CFM (Fig 1) . Its habitat specificity, disjunct population distributions and low vagility (due to flightlessness) make P.
capensis an ideal species for answering questions regarding speciation and diversification events. In this study we test the hypothesis that there is more than one distinct species nested within what is currently recognised as P. capensis. To do this we analyse mitochondrial DNA sequences and also estimate the divergence times and ages of the populations.
Material & Methods

Sampling and laboratory protocols
Phoberus capensis was sampled from localities across its known distribution (Table 1and   Table A1 in the Appendix). Phoberus nasutus (Harold), the sister species (Strümpher et al., 2014) , was used as the outgroup. The latter is restricted to the Cape Peninsula -an isolated mountainous area surrounded by the Atlantic Ocean in the west and the Cape Flats to the east (Macdonald & Daniels 2012) . Collected specimens were deposited at the Department of Zoology and Entomology, University of Pretoria, South Africa (UPSA).
Total genomic DNA was extracted from a leg of each of 53 individuals and partially sequenced for the protein-coding mitochondrial Cytochrome Oxidase I subunit (COI) gene and the mitochondrial 16S small subunit ribosomal RNA (16S) gene. The primer pairs used for amplification and sequencing were COI: C1-J-1718 with TL2-N-3014 (Simon et al. 1994 ); and 16S: 16sf with 16sr (Orsini et al. 2007) . DNA fragments for the two gene regions were amplified using the polymerase chain reaction (PCR) performed in a final volume of 25 µl made up of 20 pmol of each primer, Emerald Amp®MAX HS PCRMastermix (Takara Bio Inc., Otsu, Shiga, Japan), and 50-100 ng of genomic DNA template. Tables A2 and A3 in the Appendix).
Alignment
The sequences were aligned using the program package MAFFT ( 
Phylogenetic analysis
jModel Test (Posada 2008 ) was used to select the appropriate model of sequence evolution under the Akaike information criterion (Akaike 1974) . Phylogenetic trees were inferred using Maximum Parsimony (MP), Bayesian Inference (BI) and Maximum Likelihood (ML) approaches.
A parsimony analysis was implemented in PAUP*4.010b (Swofford 2003) with the following heuristic search setting: all characters were equally weighted and unordered, gaps were treated as missing data and uninformative sites were excluded; starting tree obtained via stepwise addition with random addition of sequences with 10 replicates; branch-swapping = 8 tree-bisection-reconnection; initial "maxtrees" set to 200 with automatic increase by 100 and with "MulTrees" option in effect. Bootstrap values were calculated based on 1000 replicates.
A strict consensus tree was calculated from all of the most parsimonious trees obtained. Haplotype phylogenetic relationships were assessed by a split-decomposition neighbour-net analysis on individual and combined dataset using SplitsTrees 4 (Huson & Bryant 2006) .
Pairwise genetic distances (p-distances) were calculated between groups using Mega 6 (Tamura et al. 2013 ) for COI and 16S. Groups were based on the well-supported lineages recovered within the phylogenetic analysis.
Molecular diversity, molecular structure and historical demography
Haplotype (h) and nucleotide diversity (π) for each gene region were assessed using DnaSP v. 
Divergence analysis
The node ages for the lineage-splitting events were estimated using the software BEAST v.
1.6.2 . Cytochrome Oxidase I (COI) data for those individuals successfully sequenced was used. As no fossil evidence with which to estimate time of origin for lineages is available for this group, we opted to use published mutation rates of 0.0075 and 0.012 (Brower 1994; Juan et al. 1995; Farrell 2001; Smith & Farrell 2005; Wirta et al. 2008 ) mutational substitutions per site per million years (s/s/Myr), respectively, to cover the range of rates reported for COI mtDNA. A Bayesian relaxed molecular clock approach under the uncorrelated lognormal model and a Yule speciation was used for divergence time estimation. The ingroup was constrained to be monophyletic. The ML topology was specified as a starting tree for BEAST. Two independent MCMC analyses were run for 20 million generations with parameters sampled every 1000 generations. Default settings were kept for all other priors and operators. Tracer was used to monitor parameter stabilisation and assess the convergence between runs. LogCombiner v1.6.2 from the BEAST package was used to combine the tree and log output files from the two independent runs. The first 20% of trees sampled from each run was discarded as burn-in. The TreeAnnotator v1.6.2 application from the BEAST package was used to generate a maximum clade credibility tree and calculate the mean ages. Tree topologies were viewed in FigTree. The divergence analysis was run twice to validate consistency of the time estimates between runs.
Morphology
Where possible, male and female specimens from the different sampling localities were examined and male genitalia dissected and photographed. In addition, the holotype and several paratype specimens of P. capensis (Scholtz) were examined using Zeiss dissecting microscopes. Images of set habitus specimens were taken with a Canon EOS 550D and 100 mm macro lens. Focus stacking was performed using the software Helicon Focus version 5.3. Male genitalia and components were photographed under a Leica M165 C microscope, using the Leica DMC 2900 digital camera. Morphological terminology follows Scholtz (1980) .
Results
Phylogenetic analysis
The final combined molecular dataset consisted of 56 taxa and 1608 base pairs (bp): COI = 1152 bp, 16S ≈ 456 bp; 252 characters were parsimony informative, 1327 were constant and 280 were variable. Data characteristics and estimated model parameters for individual and combined datasets are shown in Table 2 . Gamma ( For COI, pairwise genetic distances between defined groups (Table 3) range from 5.4% to 11.9%, and for 16S between 0.4% and 2.6%. The percentage pairwise genetic distance, for COI within clades (A,B,C) was low overall, with 3.93% for clade A, 1.4% for clade B and 0.5% for clade C, and for 16S it was 0.5% for clade A, 0.1% for clade B and 0.1% for clade C. 
Morphology
Pronotal and elytral features in P. capensis vary greatly with size of the individual. In smaller specimens, many features tend to be more irregular or obscured (for example intercostal punctures and fovae) and/or pronounced (like tubercles and ridges), thus making it difficult to identify characters that can be used to identify clades/groups within P. capensis. Despite the lack of diagnostic pronotal and elytral characters, fairly consistent differences exist between specimens of clade B and clades A and C. Specimens from the Cederberg, Matroosberg and Swartberg Pass (Clade B) are generally smaller (4-7mm) and have the discal area of the pronotum more evenly rounded, with a shallow median depression and tubercles that are not distinctly raised. Members of clade A and C are larger (5-10mm) and the discal area of the pronotum is raised, with a deep median depression and distinct tubercles. Examination of the male genitalia shows three major types corresponding to the recovered clades A1, B and C.
However, variation in the male genitalia within each clade, the small number of male specimens available for study and the lack of male specimens from Grahamstown (A2), make it difficult to distinguish between all clades on the basis of male genitalia alone.
Discussion
Phylogeny and divergence time estimates
Despite the small sample sizes from some localities, the results of this study indicate there are at least three well-supported evolutionary lineages within P. capensis with high (10-12%) sequence divergence between them at the COI locus, which is similar to that found for other flightless scarabaeoids (Sole & Scholtz 2013; Switala et al. 2014) . The high sequence divergence between the three clades justifies recognising them as distinct species using previously-cited threshold values recorded between closely related insect species (Herbert et al., 2003; Price et al. 2007; Astrin et al. 2012 ; for limitations of genetic distance as a criterion in delineating species see Ferguson (2002) and Brower (2006) ). All three clades (A, B and C) are geographically discrete with apparently no dispersal between them (Fig 1) .
The results show that clades A and B may comprise divergent and geographically distinct populations which can be interpreted as phylogenetically independent lineages. However, these populations are morphologically indiscernible and due to the small number of specimens obtained from the different localities, we refrain from drawing any conclusions regarding the (taxonomic) status of these populations and will not discuss them further here. 
Taxonomic consideration
These results indicate that the samples represented at least three distinct species according with the phylogenetic species concept (Nixon & Wheeler 1990; Wheeler & Platnick 2000) .
The Hottentots-Holland clade (clade A) from the Sneeukop/Moordenaarskop localities has morphology identical to the type material of Phoberus capensis (Scholtz 1979) . The type locality for P. capensis is the nearby Jonkershoek Mountain (Scholtz 1980) . In stark contrast, On the basis of the differences discussed above we describe two novel species. Phoberus capensis (Scholtz) has had an inconstant taxonomic history. In his original description Scholtz (1979) , at the time, treated P. capensis as a member of the genus Trox Fabricius, and placed it in the subgenus Phoberus MacLeay in his revision of the Afrotropical species (Scholtz 1980) , and in his revision of the Trogidae (Scholtz 1986 and can best be distinguished on the basis of the male genitalia (Scholtz 1980) .
Systematics
Type specimens Scholtz (1979) in his original generated a large type series (225 specimens) which he deposited in collections around the world. For logistical reasons not all type material was reexamine. Nonetheless, the bulk of the type series (160 specimens), including the holotype, were retained at the Ditsong Museum of Natural History (TMSA) and the Department of Zoology & Entomology, University of Pretoria (UPSA). We deemed the number of primary types available for examination sufficient for this study. All paratypes designated by Scholtz (1979) and the collections housing type material are listed within this paper in the type material section under the description of the each taxon. Type material that could not be examined is marked by an asterisk (*) next to the repository acronym. All label data were cited verbatim and information on type material examined was copied using "/" between lines, and "//" between labels.
Institutions to which new specimens or type material belongs or in which they have been deposited are abbreviated as follows: Phoberus MacLeay, 1819: 137-138; Strümpher et al. 2014: 557-558; Strümpher et al. 2015: 15.
Phoberus capensis (Scholtz) 
Diagnosis
Phoberus capensis is morphologically similar to P disjunctus sp. n., but can be distinguished from the latter by the raised discal area of the pronotum and deep median depression and distinct tubercles. Phoberus disjunctus sp. n. has the discal area of the pronotum more evenly rounded, with a shallow median depression and tubercle not distinctly raised. Male genitalia of both species are distinct (Plate A: 1b).
Redescription
Size: 7-8 mm, width: 4-5 mm (n = 20).
Head: Clypeus triangular; frons with two oval setose ridges; antennal scape setose, slightly longer than wide, pedicel attached to apex of scape.
Pronotum: Attenuated anteriorly, sides broadly flattened, surface pitted; lateral margins with fringes of short setae; discal area raised, median depression deep divided into two halves by low transverse ridge, anterior half of median depression broad, posterior half narrow; discal ridges high, interrupted approximately in middle; median basal tubercles fused to discal 
Diagnosis
Phoberus disjunctus is similar to P. capensis but can be distinguished from the latter by an evenly rounded pronotal disc and shallow median depression; P. capensis has a high pronotal disc with a deep median depression. Male genitalia of both species are distinctive (Fig 3; Plate A).
Description
Size: 5-6 mm, width: 3-4 mm (n = 25).
Pronotum: discal area of pronotum evenly rounded, with shallow median depression, tubercle not distinctly raised.
Male genitalia: parameres symmetrical, attenuated towards the apex, in lateral profile straight and curved apically; pars basalis longer than parameres, the ratio of length of parameres to length of pars basalis about 1:1.5, pars basalis variable in shape and thickness; median lobe exposed in dorsal view, flattened basally and attenuated sharply into short narrow pointed projection (flagellum) only slightly longer than parameres; genitalia in ventral view with a pair of blade-like projections between parameres (Plate A: 2b).
Distribution: This species is distributed (disjunctly) along the Swartberg, Matroosberg and the Cederberg Mountains in the greater Cape Fold Mountain Range and confined to the high mountain peaks (Fig 1) . 
Diagnosis
Phoberus herminae has very similar external morphology to P. capensis, and the only reliable means of identification involves the male genitalia. Constant differences exist in the shape of the parameres and the median lobe (Fig 3; Plate A).
Description
Size: 7-10 mm, width: 4-6 mm (n = 28).
External morphology as for P. capensis.
Male genitalia: parameres symmetrical, attenuated towards the apex, parameres curved, pars basalis thick, c-shaped and longer than parameres, ratio of length of parameres to length of pars basalis about 1:1.5. Median lobe exposed in dorsal view, flattened basally and attenuated broadly into narrow pointed projection (flagellum) extending beyond parameres, often with knob-like structure on apex; genitalia with a single pair of ventral blade-like projections between parameres (Plate A: 3b).
Distribution: This species is distributed (disjunctly) along coastal edge and the Tsitsikama, Outeniqua and Langeberg Mountain Ranges of the south Western Cape Province (Fig 1) . 
Phoberus nasutus
Cape Peninsula TnST01 KC801097* TnST02 KC801096* Figure A1 . The strict consensus Parsimony tree.
